Survival depends on the selection of behaviors adaptive for the current environment. For example, a mouse should run from a rapidly looming hawk but should freeze if the hawk is coasting across the sky. Although serotonin has been implicated in adaptive behavior, environmental regulation of its functional role remains poorly understood. In mice, we found that stimulation of dorsal raphe serotonin neurons suppressed movement in low-and moderate-threat environments but induced escape behavior in high-threat environments, and that movement-related dorsal raphe serotonin neural dynamics inverted in high-threat environments. Stimulation of dorsal raphe g-aminobutyric acid (GABA) neurons promoted movement in negative but not positive environments, and movement-related GABA neural dynamics inverted between positive and negative environments. Thus, dorsal raphe circuits switch between distinct operational modes to promote environment-specific adaptive behaviors.
T he decision to move or to refrain from movement depends on the structure of the environment and the internal state of the animal. Imminent threats may provoke a "fight-or-flight" response, whereas distant or uncertain threats may induce either vigilant freezing or a delayed, strategic avoidance response (1, 2) . Hunger may encourage travel to a distant food source, but a sated animal may not find this goal worth the energy expenditure or risk (3) .
Neuromodulatory systems receive input from brain regions that represent environmental structure and internal state (4) and are essential for the coordinated regulation of the neural circuits that control movement. Whereas dopamine (DA) promotes behavioral activation in vertebrates (5, 6) , forebrain serotonin (5-hydroxytryptamine; 5-HT) is more strongly associated with behavioral inhibition (7, 8) ; elevated 5-HT promotes pausing and waiting (9) (10) (11) , whereas reduced 5-HT promotes impulsivity and perseverative responding (12, 13) . Paradoxically, selective serotonin reuptake inhibitors (SSRIs) reduce immobility in the forced swim test (FST) and tail suspension test (TST) (14) , as does stimulation of the prefrontaldorsal raphe nucleus (DRN) projection (15) . We sought to investigate whether differences in environmental threat level underlie this discrepancy.
We used fiber photometry (16) to monitor the population dynamics of DRN 5-HT neurons in freely behaving mice ( fig. S1A ). We injected AAV5-CAG-FLEX-GCaMP6s (17) into the DRN of SERTCre mice (18) and implanted an optical fiber over the DRN (Fig. 1A and fig. S1B ). Movement onset in the open field test (OFT; Fig. 1B ) was associated with a robust reduction in DRN 5-HT fluorescence ( Fig. 1 , C to E; GFP control data, Fig. 1E and  fig. S1 , C to E). We then recorded DRN 5-HT activity during performance of a cued reward approach task (Fig. 1F and fig. S2 , A and B), in which mice crossed an operant chamber to receive a reward, and found that activity decreased upon movement in this environment (Fig. 1 , G to I; movement offset, fig. S3 , A and B). We also found that DRN 5-HT activity decreased upon movement to avoid a shock in a cued avoidance task ( Next, we examined DRN 5-HT neural activity during the TST ( Fig. 2A) , a high-threat environment (19) , and observed an increase in DRN 5-HT fluorescence upon movement onset (Fig. 2 , B to D; GFP data, Fig. 2D and fig. S1 , F to H; movement offset, fig. S3 , E and F). We also observed an increase in DRN 5-HT fluorescence upon movement onset in escape (failed) trials in the avoidance task (Fig. 2, E and F) , during which mice were also in direct contact with the stressor. Finally, we microendoscopically recorded DRN 5-HT activity (20) and observed similar environmentdependent switching of movement dynamics in single DRN 5-HT neurons (figs. S4 and S5). Thus, DRN 5-HT neural activity decreases upon movement initiation in low-or moderate-threat environments, but high-threat, escape-provoking environments invert this response.
To probe the causal role of DRN 5-HT neurons in regulating movement in different environments, we optogenetically (21) activated 5-HT neurons (Fig. 3A and fig. S6A ) during these behaviors. Optical stimulation of DRN 5-HT neurons reduced speed in the OFT [Fig. 3 , B and C; ChR2, 3.67 ± 0.31 cm/s; enhanced yellow fluorescent protein (eYFP), 5.16 ± 0.44 cm/s], as expected (10) . Speed decreased upon stimulation in both approach and avoidance tasks (approach: Fig. 3, D and E, and fig. S6 , B and C; ChR2, 3.0 ± 0.3 cm/s; eYFP, 7.1 ± 1.0 cm/s; avoidance: Fig. 3 , G and H, and fig. S6, D and E; ChR2, 2.2 ± 0.4 cm/s; eYFP, 3.8 ± 0.4 cm/s), and latency to chamber crossing was greater in stimulated animals in both tasks (Fig. 3, F and I ). TST stimulation in the same mice produced an increase in movement (Fig. 3 , J to L). These data provide causal evidence for a switch in DRN 5-HT neuron function from suppression to facilitation of movement in high-threat escape conditions.
We then investigated the movement-related dynamics of DRN GABA neurons using fiber photometry in Vgat-ires-Cre mice (22) Recordings during avoidance training revealed rapid switching after the first few shocks (figs. S9 and S10).
Approach and avoidance differ in environmental valence, and we found that movementrelated dynamics also switched in other valenced environments. Wheel running ( (Fig. 4O ), but stimulation in these same mice induced higher speed in the OFT ( fig. S12, A to D) . Stimulation increased speed (Fig. 4, I and J, and fig. S11, F and G; ChR2, 7.7 ± 0.7 m/s; eYFP, 4.0 ± 0.2 m/s) and reduced latency (fig. S11H) in the avoidance task, and increased movement in the TST (Fig. 4T ), thereby revealing a causal role for DRN GABA neurons in promoting movement in environments with negative valence.
These findings show that changes in environmental threat intensity and valence switch the functional roles of DRN 5-HT and GABA neurons in movement regulation. The notion that movement in states of extreme threat may be differently regulated is not without precedent. Paradoxical kinesia has been observed in akinetic Parkinsonian patients (23) , and DA-depleted akinetic rats attempt escape in deep water (24) , suggesting alternative motor regulation in fight-or-flight situations. DRN function during stress is regulated by a number of systems that may play a role in environmentdependent functional switching; SSRI-induced TST immobility reduction requires DRN norepinephrine (25); DRN corticotropin-releasing factor inhibits 5-HT release and promotes active coping or the reverse, depending on stress history (26, 27) ; and DRN activation is dampened by prefrontal activity during controllable stress (28) . Our experiments probed the neural dynamics and functional roles of two distinct DRN cell types in movement regulation. Our findings show that urgent escape conditions switch DRN 5-HT neurons from suppression of movement to facilitation, and that DRN GABA neurons selectively facilitate movement in environments with negative valence, consistent with the neural dynamics that we observed in both cell types. These results reveal a role for DRN circuits in rapid, environment-specific behavioral regulation. 
ΔF/F (%) ΔF/F (%)
ΔF/F (%) ΔF/F (%) ΔF/F (%)Speed (cm/s) Speed (cm/s) ΔF/F (%) ΔF/F (%) ΔF/F (%) ΔF/F (%) ΔF/F (%) ΔF/F (%) ΔF/F (%) ΔF/F (%) ΔF/F (%) ΔF/F (%) ΔF/F (%) Norm. accel.
